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FOREWORD

This report continues the extensive analysis of the aircrew
selection literature previously documented in a narrative review
and an annotated bibliography. In this study, meta analysis is
used to quantitatively integrate 50 years of research that spans
multiple military services and nations.

The results of this analysis point to an overall decline in
the validity of pilot selection measures but at the same time
firmly establish the validity of a number of measures being used
operationally or being investigated. This study also supports
claims for validity generalization of selection measures by
showing equivalent validities for a number of measures across
services, nations, and aircraft.

This research was conducted in the U.S. Army Research
Institute for the Behavioral and Social Sciences MANPRINT
Division by the Aviation Systems Command Element of the U.S. Army
Research Institute Fort Rucker Field Unit in collaboration with
Science 3 (Air), United Kingdom Ministry of Defence.

The information contained in this report was briefed to the
NATO AGARD Committee on Pilot Selection and also to program man-
agement personnel of the Aviation Systems Command. The report
will be made available to other researchers in the field of
aircrew selection and will be used to focus Army research to
improve aviation system designs through better specification of
the abilities and attributes of aircrew members.
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META ANALYSIS OF AIRCRAFT PILOT SELECTION MEASURES

EXECUTIVE SUMMARY

Requirement:

The purpose of this study is to evaluate various measures
for the prediction of performance in pilot training.

Procedure:

A search of the computer databases and a manual search of
armed service bibliographies, Psychological Index, and reference
lists of all citations was conducted. The criterion for inclu-
sion was the description of some process or measure being used or
being considered for use for aircrew selection or classification.
This criterion was loosely applied, however, to obtain a thorough
representation of the available literature. Aircrew in this case
refers primarily to pilots, although some studies dealing with
navigators were included.

The database that resulted from this search is described in
Hunter and Burke (1990). From that database, all studies report-
ing predictive validities for aircraft pilots were identified.
The correlation values, sample size, and other information re-
garding the characteristics of the sample and the study were
coded and recorded for analysis.

The meta-analytic procedures described by Hunter and Schmidt
(1990) were applied to the database to generate mean correlations
and variances for the overall set of correlations and specified
subgroups.

Findings:

Over 200 studies dealing with aircrew selection were
located. Of those studies, 69 contained correlations between
some independent measure and a pilot performance criterion. A
total of 476 individual correlations, based on an overlapping
sample of 432,324 cases, were used in the analyses.

Analyses were conducted of the overall set of correlations
and subsets selected on the basis of date of study, type of
predictor measure, type of aircraft, and sample characteristics.
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These analyses revealed a declining mean correlation over
the previous 50 years. In addition, differences in the mean
correlations were observed among the various types of predictor
measures. In general, job sample measures were the best pre-
dictors of performance, followed by psychomotor coordination
and biographical inventories. Age is negatively related to per-
formance (older trainees have the least likelihood of completing
training), while personality measures consistently are the least
related to performance.

Utilization of Findings:

The results of this research can be used to better interpret
the findings of previous research in aircrew selection and guide
in the choice of measures used for operational pilot selection.
In addition, these results should shape future research efforts
through delineation of the relationships between predictor mea-
sures and training criteria more stable than those obtained in
single studies.
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META ANALYSIS OF AIRCRAFT PILOT SELECTION MEASURES

Introduction

The training of aviators is an expensive and lengthy process
for the military services. Training courses are typically about
one year in length with from 150 to 250 hours of flight time, at
a cost ranging from $500 to over $3,000 per flight hour. The
high cost of training makes failure to complete training
especially alarming. For the United States Air Force, estimates
of the typical cost of a failure during pilot training range from
$50,000 (Hunter, 1989) to $80,000 (Siem, Carretta, & Mercatante,
1987). These figures are probably typical of those for aviators
from most air forces and navies, with the cost of failures for
army aviators being somewhat less due to the lower cost of the
predominately helicopter-based training.

The high cost of training and training failures, coupled
with a training attrition rate that has historically been in the
range of 20 to 40 percent (with the notable exception of recent
US Army attrition rates of approximately 10 percent), have
provided the stimulus for a great deal of military research on
the aviator selection process. The history of this research is
described by Hunter (1989) in a narrative review of the
literature.

While the narrative review technique can provide a general
description of what research has transpired, it does not provide
a methodology for the efficient integration of disparate research
findings. Fortunately, such a methodology is now at hand in the
form of meta analysis (Hunter, Schmidt, & Jackson, 1982; Hunter &
Schmidt, 1990). Meta analysis provides the means for cumulating
and integrating research findings from multiple studies. In the
case at hand, this technique will allow for the development of a
single best estimate of the correlation between some predictor
measure and a criterion (flying training). From these estimates
of the population correlations, comparisons may be made of the
validities of specific predictor measures or classes of measures.
Thus, one may ask whether, based upon fifty years of cumulated
research studies, one measure is superior to another for the
prediction of flying training performance. Or, one may observe
whether one class of predictors (such as psychomotor coordination
tests) is superior to another class of predictors (such as
personality measures).

From these comparisons, conclusions may be drawn regarding
the likely optimal composition of batteries for aircrew selection,
and the most promising areas for research in predictor measure
development may be identified. In addition, because of the
nature of the database that will be used in this study,
inferences may be made regarding the validity generalization of
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measures across applicant populations, military services, and
types of aircraft.

The object of this study, then, is to develop a database of
studies that will support the aims listed above and to apply
the techniques of meta analysis to that database so as to be able
to make comparisons between and among individual predictor
measures and classes of measures. The specific areas of interest
are (a) validities of classes of predictor/selection measures,
(b) validities for specific aircraft, nationalities and services,
(c) generalizability of validities across groups and aircraft,
and (d) validities of specific predictor measures.

Sample

The sample for this study consisted of all studies on
aircrew selection published circa 1920 to 1990. A thorough
review of the literature cited in Psychological Abstracts along
with United States and British military reports was conducted to
identify relevant studies. The results of that search of the
literature are provided as an annotated bibliography in Hunter &
Burke (1990).

From the collection of all studies dealing with aircrew
selection, those studies that reported correlations between one
or more predictor measure and an aircrew performance measure were
identified. There were 69 such studies, with a total of 664
correlations. These correlations constituted the sample used in
this study. The citations for the studies containing these
correlations are given in Appendix A.

Procedure

Each study was reviewed, and the correlation, sample size, and
certain other information (given in Table 1) regarding the study
were coded and recorded in a database. The predictor measures
were classified following the system described by Hunter (1989)
for the General Category (Table 2) and the system described by
Pearlman (1979) for the further breakdown of the general
cognitive measures into more specific categories (Table 3).

In some cases, several correlations were reported in a
single study for a particular measurement instrument. For
example, a study might report several correlations between
measures taken in a flight simulator for a group of individuals
and subsequent performance in flight training. In those cases
where multiple measures and correlations were reported for a
logically single instrument, the correlations were averaged using
the Fisher Z transformation to produce a single validity
correlation. This process reduced the sample of correlations
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from 664 to 476. The distribution of study characteristics for
these correlations is given in Table 4. While the sample is
predominately based upon general cognitive measures taken from
United States Air Force personnel undergoing fixed-wing training,
correlated with a dichotomous (pass/fail) criterion, other
sources of data also make a substantial contribution. While
there is not enough data to allow a complete factorial evaluation
of every combination of study characteristic, in many cases there
are enough data points (correlations) to allow for meaningful
analyses.

These correlations are conceptually, but not necessarily
statistically independent (Schmitt, Gooding, Noe, & Kirsch,
1984), as some studies reported correlatiois for logically
independent measures (for example, psychomotor coordination and
arithmetic reasoning) based upon measurements taken from a single
group of individuals.

Finally, the signs of error-scored measures (e.g.,
psychomotor coordination) were reflected so that a positive
correlation indicated that superior test performance is
associated with superior performance in training. An exception
to this treatment, however, was that given to personality
measures. Because there was no a priori expectation regarding
the direction of prediction of these measures (for example,
should one expect superior flying performance to be associated
with high or low authoritarianism) their signs were not changed.
This conservative treatment assumes an underlying population
validity of zero, with the observed dispersion of positive and
negative correlations being a random process. Additional
research might address alternative treatments of this problem.

Table 1

Study information recorded in the database.

Author(s) Name(s)
Date
Name of Predictor Measure
General Category of Predictor Measure
Specific Category of General Cognitive Predictor Measure
Sample Size (N)
Correlation
P-Q Split (proportion in pass/fail categories for

dichotomous criterion)
Criterion Category
Sample Description
Sample Nationality
Sample Service
Aircraft Type

3



Table 2

Predictor Measure General Categories.

General Cognitive
Personality
Information Processing
Job Sample
Biographical Inventories
Psychomotor Coordination
Composites/Batteries
Other

Table 3

Predictor Measure Specific Categories.

General Intellect
Verbal Ability
Quantitative Ability
Spatial Ability
Perceptual Speed
Manual Dexterity
Reaction Time
Mechanical Ability
Aviation Information
General Information
Education *
Age *

Included in Other category from Table 1; all others included
in the General Cognitive category.
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Table 4

Distribution of Study Characteristics

Predictor Measure Number of Sample
Category Correlations Size

General Cognitive 218 250,212
Personality 50 23,889
Information Processing 28 13,072
Job Sample 16 2,822
Biographical Inventories 22 27,962
Psychomotor Coordination 73 42,893
Composites/Batteries 34 35,589
Other 35 35,885

Sample Number of Sample
Service Correlations Size

Air Force 286 335,850
Navy 127 72,905
Army 36 19,944
Civilian 27 3,625

Sample Number of Sample
Nationality Correlations Size

United States 366 403,453
United Kingdom 24 3,445
Canada 52 9,743
Other 34 15,683

Aircraft Number of Sample
Type Correlations Size

Fix-d Wing 416 408,516
Rotary Wing 60 23,808

Criterion Number of Sample
Category Correlations Size

Dichotomous (Pass/Fail) 404 400,201
Continuous 72 32,123

Total 476 432,324
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Data Analysis

Hunter & Schmidt (1990; Table 3.1) list 11 possible study
artifacts which will alter the values of outcome values and for
which corrections are sometimes possible in meta analysis. These
range from sampling error (which may be addressed with meta
analysis) to variance due to extraneous factors (which is not
addressed by meta analysis). This study attempts to correct only
for the most basic of these artifacts--sampling error--and will
therefore, constitute what Hunter & Schmidt call a "bare bones"
meta analysis.

Sampling error, the variability of study results associated
with departures from population correlation values due to random
effects associated with the choice and size of the sample upon
which the correlation values are based, is also cited by Hunter &
Schmidt as the principal cause of variability in study results.
Therefore, while this is a "bare bones" meta analysis, the
results should still account for a majority of the explainable
variance in the research findings.

The basic process for the meta analysis is the computation
of a mean correlation from the individual study correlations.
The correction for sampling error amounts to weighting each study
correlation by its associated sample size. The formula used
(from Hunter & Schmidt; 1990, page 100) is:

Z I Ni r i ]
r ----------------

Z Ni

where ri is the correlation in study i and Ni is the number of
persons in study i. The variance of the correlations is
similarly weighted and is computed as:

- 2
2 Z [ Ni ( r i  - r ) I
6r  =

Z Ni

The varictnce attributed to sampling error is computed as:

2 (1- r
6e =

From these two values, one may obtain the estimate of the
variance of the population correlations as:

2 2 2
6p 6r - 6

(Hunter & Schmidt; 1990, page 109)
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These equations were implemented in the dBase III command
language (See Appendix B) and used to compute mean correlations
and associated variances for various groupings of correlations.
In addition, the proportion of variance remaining unexplained
after reduction for sampling error was computed and reported.

The analyses were conducted in a hierarchical sequence--
beginning with all correlations combined and subsequently
disaggregating the correlations based upon the study
characteristics of interest (e.g., predictor measure, sample
nationality, etc.). For each analysis, the mean correlation and
three variances (observed, error, and true or corrected) were
computed, along with the percentage of unexplained variance (the
ratio of true to observed). For those cases in which a negative
true variance was calculated, the variance was taken to be zero.

Results

Historical trends

The cautions voiced by Hunter & Schmidt (1990) regarding the
over interpretation of results from aggregated higher level
analyses should be heeded in the review of these results.
Analyses of heterogeneous samples of correlations in which the
study characteristics are markedly different can be accused of
making apples-and-oranges comparisons. This caution
notwithstanding, let us point out that there are many instances
in which apples and oranges are indeed combined; for example,
under the heading of fruit. Just as a decline in fruit
production over the last 50 years would be of interest, so also
should be a decline in the validity of predictor measures.

Table 5

Historical Distribution of Validities

Number Total Mean Mean 2 2 2

Decade of r Sample Sample r 6r 6 SP

1941 - 1950 80 158,516 1,981 .2470 .0128 .0004 .0124

1951 - 1960 103 130,273 1,265 .2377 .0172 .0007 .0165

1961 - 1970 104 41,828 402 .1428 .0137 .0024 .0113

1971 - 1980 78 15,534 199 .1197 .0074 .0049 .0025

1981 - 1990 11 86,173 776 .0852 .0152 .0013 .0139
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As Table 5 (and Figure 1) shows, there is a definite
downward trend in the mean validities obtained over the last 50
years. Even disregarding the decade from 1941-1950 during which
many of the large-scale studies from World War II were conducted,
the decline is still evident. Several explanations for this
decline suggest themselves: (a) Attenuation of the variability
of the applicant pool; (b) Movement toward more extreme P/Q
splits in the dichotomous criterion (proportions in the fail and
pass groups moving away from an optimal 50/50 distribution); and,
(c) Changes in the nature of training. However, the present
data do not provide an adequate basis for explanation for this
observation, which must be left, for now, to conjecture.

To investigate whether this decline would hold up with
disaggregated data, two additional analyses were conducted:
one using all correlations for USAF fixed-wing training and a
pass/fail criterion, and one using only the general ability
predictor measures for the same group. The results from these
analyses are shown in Figures 2 and 3 respectively. Both these
analyses show the same pattern of decline in validity as the
combined data. Further disaggregation to specific predictor
measures was not possible because of limited data.

Correlation
0.6

0.5 Upper Bound -95%
Mean

0.4 Lower Bound - 95%

0.3

0.2

0.1

0

(0.1)

(0.2)
1941-1950 1951-1960 1961-1970 1971-1980 1981-1990

Decade

Figure 1. Historical trend in validity.
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Correlation
0.6

0.+ pper Bound - 5
Mean

0.4 Lower Bound - 95%

0.3

0.2

0.1

0

(0.1)

(0.2)
1941-1950 1951-1960 1961- 1970* 1971-1980 1981-1990

Decade
• No data available.

Figure 2. Historical trend in US Air Force validity: Fixed-wing, pass/fail.

Correlation

0.6

0.5 Upper Bound - 95%
Mean

0.4 Lower Bound - 95%

0.3

0.2

0.1

0

(0.1)

(0.2) I I I
1941-1950 1951-1960 1961 - 1970* 1971 - 1980 1981 - 1990

Decade No data available.

Figure 3. Historical trend in US Air Force validity: Fixed-wing,
pass/fail, general ability.
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Predictor Measures

The analyses of the predictor measures (at the general
category level) are presented in Table 6. The best predictor of
pilot performance was the job sample measure, followed by
measures of psychomotor coordination and biographical
inventories. The least predictive were the personality measures,
with a mean correlation of .1168. The standard deviation of the
personality measure validities is .1349, giving us a 95%
confidence interval for this validity of +/- .2644. This
interval includes zero; therefore, we would be unable to reject
the null hypothesis of zero validity for this set of measures.
(Subject to the note given earlier about the treatment of signs
for this category of measures.) Similar evaluations of the other
predictor measure sets could be performed, using the corrected
estimatq of variance, from which the variance due to sampling
error has been removed.

The categories of Composite/Battery and Other are included
in this analysis solely for the sake of completeness of
reporting. The validities reported for the Composite/Battery
category are for scores derived from the combination of a number
of separate tests. For example, this category includes
correlations between the US Navy's flight aptitude rating and
training performance, where the flight aptitude rating is a
combination of several measures, including written tests and
subjective evaluations. The Other category includes validities
for measures such as age, physical fitness, and education. Some
of these measures are broken out and analyzed separately in the
analysis of specific predictor measures. Howeve-r, in the present
instance, these categories represent the leaves and tree bark of
our apples-and-oranges analysis and as such should not be
interpreted as having any special meaning.

Table 6. Validity Coefficients as a Function of Predictor Type

Predictor Number Total Mean 2 2 2 Percent
Measure of r Sample r Sr  6 e 6 Unexp.

General Cog 218 250,212 .1924 .0119 .0008 .0111 93
Personality 50 23,889 .1168 .0202 .0020 .0182 89
Info Process 28 13,072 .2256 .0176 .0019 .0159 89
Job Sample 16 2,822 .3272 .0150 .0045 .0105 70
Bio Inventory 22 27,962 .2646 .0109 .0007 .0102 94
Psych Coord 73 42,893 .3035 .0129 .0014 .0115 89
Comp/Battery 34 35,589 .1934 .0228 .0009 .0219 96
Other 25 35,885 .0889 .0424 .0010 .0414 98

Total 476 432,324 .1973 .0189 .0010 .0179 95

10



Sample Service

Table 7 shows the overall validities for each of the
military services (for all nations) and for those studies which
used civilian student pilots. The proportion of variance in the
validities which is associated with sampling error for these
groups is relatively small compared to the proportion remaining
(81 to 96%). Considering the heterogeneity of these groups, such
a level of unexplained variability is not unexpected, and
indicates the need for further disaggregation. Although the mean
validities vary among the groups, the differences are not great
considering the variances.

Table 7

Validity Coefficients as a Function of Sample Service

Sample Number Total Mean 2 2 2 Percent
Service of r Sample r 6, 60 6P Unexp.

Air Force 286 335,850 .2061 .0185 .0008 .0177 96
Navy 127 72,905 .1697 .0178 .0016 .0161 91
Army 36 19,944 .1546 .0208 .0017 .0190 92
Civilian 27 3,625 .1701 .0368 .0071 .0298 81

Sample Nationality

There were no substantial differences in validities among
the nations represented in this sample. However, the variance
did differ, with the unexplained variance for the United Kingdom
being smaller than that of the United States, Canada, or the
Other nations.

Table 8

Validity Coefficients as a Function of Sample Nationality

Sample Number Total Mean 2 2 2 Percent
Nationality of r Sample r 6r 60 6p Unexp.

United States 366 403,453 .1997 .0187 .0008 .0179 96
United Kingdom 24 3,445 .1880 .0181 .0065 .0116 64
Canada 52 9,743 .1715 .0312 .0051 .0261 84
Other 34 15,683 .1541 .0132 .0021 .0112 84

11



Aircraft Type

The validities for Fixed-Wing aircraft, as shown in Table 9,
are slightly, but not significantly, higher than those for
Rotary-Wing aircraft. In both cases, however, the amount of
unexplained variance is still substantial.

Table 9

Validity Coefficients as a Function of Aircraft Type

Aircraft Number Total Mean 2 2 2 Percent
Type of r Sample r 6r 60 6p Unexp.

Fixed Wing 416 408,516 .1998 .0188 .0009 .0179 95
Rotary Wing 60 23,808 .1545 .0184 .0024 .0159 87

Criterion

Because artificially making a dichotomy out of an otherwise
continuous variable (such as flying performance) acts to
attenuate the validities with predictor measures, one might have
expected to observe a higher mean correlation for the validities
which used a continuous criterion as compared to those which used
a dichotomous criterion. Such is not the case for these data,
however. Although the 95% confidence intervals for these two
validities overlap, and hence are not significantly different,
nevertheless the direction of difference is contrary to
expectation. Whether this is a chance fluctuation or it is
telling us something about (possibly) the quality or reliability
of the continuous performance indexes used in these studies
cannot be readily determined from these data. However, the data
are intriguing and possibly deserve additional research.

Table 10

Validity Coefficients as a Function of Criterion Type

Criterion Number Total Mean 2 2 2 Percent
Type of r Sample r 6r 60 6p Unexp.

Dichotomous 404 400,201 .2021 .0184 .0009 .0175 95
Continuous 72 32,123 .1378 .0211 .0022 .0190 90
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Predictor-Study Characteristic RelationshiDs

Analyses up to this point have been at the uppermost level
of aggregation. With the data in Table 11 begins the process of
disaggregation into meaningful subgroups with, hopefully, a
reduction in the proportion in unexplained variance.

Since the primary study characteristic of interest is the
predictor measure, these analyses are built around that element.
Table 11 reports the mean validities for each of the general
predictor measure categories for each of the military services
and civilian samples. It is at this point that empty cells begin
to appear, in which fewer than three validities were found.

For the Air Force (all nations) subsample, the relative
ordering of predictor measures is much the same as for the
combined, aggregate sample. Job sample measures are the best
predictors, followed by psychomotor coordination and biographical
inventories. In addition, there is a reduction in the percentage
of unexplained variance for several of the predictor measures.
In particular, the variance of the biographical inventory
validities is now quite low (.0005), although 61% of the variance
is still unaccounted for.

For the Navy subsample, there were not enough validities for
either the job sample or psychomotor coordination measures to
compute mean validities. The best single measure for this group
is the biographical inventory, although the variance of these
validities (.0203) is far greater than that of the Air Force
group.

Lacking sufficient data on job sample or biographical
inventory measures, the best single predictor for the Army
subsample is psychomotor coordination. For the military
subgroups, then, there is a consistent ordering, when the data
are available, of the best predictor measures. This is not the
case for the civilian subgroup, however, where the best predictor
is the information processing measure.
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Table 11

Average Validity Coefficients for Predictor-Sample Service
Combinations

Predictor Number Total Mean 2 2 2 Percent
Measure of r Sample r 6. so 6p Unexp.

Ai: Force

General Cog 152 218,459 .1919 .0120 .0006 .0113 95
Personality 27 15,619 .1442 .0223 .0017 .0206 93
Info Process 13 9,569 .2566 .0133 .0012 .0121 91
Job Sample 13 2,172 .3243 .0194 .0048 .0147 75
Bio Inventory 6 15,129 .2875 .0009 .0003 .0005 61
Psych Coord 60 38,525 .3090 .0136 .0013 .0123 91
Comp/Battery 7 17,457 .2150 .0321 .0004 .0317 99
Other 8 18.920 .0994 .0583 .0004 .0578 99

Total 286 335,850 .2061 .0185 .0008 .0177 96

General Cog 49 29,298 .1955 .0109 .0015 .0093 86
Personality 14 6,890 .0712 .0100 .0020 .0080 80
Info Process 10 2,926 .1038 .0065 .0034 .0032 49
Job Sample 1 196 ........ ..
Bio Inventory 15 12,796 .2475 .0213 .0010 .0203 95
Psych Coord 2 344 ........ ..
Comp/Battery 15 7,656 .1435 .0235 .0019 .0217 92
Other 21 12.799 .1235 .0188 .0016 .0172 92

Total 127 72,905 .1697 .0178 .0016 .0161 91

General Cog 6 888 .1132 .0076 .0066 .0010 13
Personality 4 772 .0799 .0132 .0051 .0071 58
Info Process 0 .. ........ ..
Job Sample 2 454 ........ ..
Bio Inventory 0 .. ........ ..
Psych Coord 8 3,862 .2711 .0023 .0018 .0006 24
Comp/Battery 12 10,476 .1939 .0041 .0011 .0031 74
Other 4 3,492 -.0884 .0143 .Q011 .0132 92

Total 36 19,944 .1546 .0208 .0017 .0190 92
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Table 11 (Continued)

Predictor Number Total Mean 2 2 2 Percent
Measure of r Sample r 6 6 6 Unexp.

Civilian

General Cog 11 1,567 .2497 .0199 .0062 .0136 69
Personality 5 608 -.0263 .0272 .0083 .0190 70
Info Process 5 577 .3286 .0428 .0070 .0358 84
Job Sample 0 .. ........ ..

Bio Inventory 1 37 .. .. .. .. ..

Psych Coord 3 162 .0214 .0003 .0185 -.0182 0
Comp/Battery 0 .. .. .. .. .. ..

Other 2 674 ...... .. ..

Total 27 3,625 .1701 .0368 .0071 .0298 81

All combinations with fewer than three correlation coefficients
were ignored.

As shown in Table 12, although there is a shift in the
order, job sample, psychomotor coordination, and biographical
inventory measures are also the three best predictors for the
United States subsample, when the data are disaggregated into
national groupings. In addition, the variance of the job sample
measures decreases substantially, with only 16% of the variance
remaining unexplained.

However, while the job sample measures moved to second place
for prediction of the United States subsample, they were clearly
the best predictors for both the United Kingdom and Canadian
subsamples, with mean correlations of .4638 and .3936,
respectively. The variances of the job sample correlations
differed substantially among the three nations; however, while
the unexplained variance for the Canadian subsample was zero, the
unexplained variance for the United Kingdom subsample was 91%.
This was possibly due to the presence of one United Kingdom study
which reported an unusually high validity coefficient for a job
sample measure (light-plane screening).
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Table 12

Average Validity Coefficients for Predictor-Sample Nationality
Combinations

Predictor Number Total Mean 2 2 2 Percent
Measure of r Sample r 6r 60 6p Unexp.

United Sfates

General Cog 162 283,243 .1939 .0118 .0006 .0112 95
Personality 39 19,590 .1131 .0152 .0019 .0133 87
Info Process 20 10,146 .2326 .0161 .0018 .0143 89
Job Sample 9 1,734 .2763 .0053 .0044 .0008 16
Bio Inventory 21 27,596 .2663 .0108 .0007 .0101 94
Psych Coord 48 37,286 .3231 .0104 .0010 .0093 90
Comp/Battery 34 35,589 .1934 .0228 .0009 .0219 96
Other 33 33,269 .0912 .0455 .0010 .0445 98

Total 366 403,453 .1977 .0187 .0008 .0179 96

United Kingdom

General Cog 6 1,163 .1535 .0091 .0049 .0042 46
Personality 6 852 .1336 .0022 .0068 -.0046 0
Info Process 1 183 .. .. .. .. ..
Job Sample 3 226 .4638 .0912 .0082 .0830 91
Bio Inventory 0 .. .. .. .. .. ..
Psych Coord 8 1,021 .2240 .0059 .0071 -.0012 0
Comp/Battery 0 .. .. .. .. .. ..
Other 0 .. ........ ..

Total 24 3,445 .1880 .0181 .0065 .0116 64

Canada

General Cog 30 5,292 .1617 .0224 .0054 .0170 76
Personality 3 831 -.0286 .0096 .0036 .0060 62
Info Process 6 1,435 .2586 .0379 .0037 .0343 90
Job Sample 4 862 .3936 .0002 .0033 -.0031 0
Bio Inventory 1 366 .. .. .. .. ..
Psych Coord 8 957 .0805 .0286 .0083 .0203 71
Comp/Battery 0 .. .. .. .. .. ..
Other 0

Total 52 9,743 .1715 .0312 .0051 .0261 84
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Table 12 (Continued)

Predictor Number Total Mean 2 2 2 Percent
Measure of r Sample r r 6e 6 Unexp.

Other

General Cog 20 5,514 .1662 .0029 .0034 -.0005 0
Personality 2 2,616 .. .. .. .. ..
Info Process 1 1,308 .. .. .. .. ..
Job Sample 0 .. ........ ..
Bio Inventory 0 .. .. .. .. .. ..
Psych Coord 9 3,629 .1829 .0036 .0023 .0013 36
Comp/Battery 0 .. .. .. .. .. ..
Other 2 2,616 ........ ..

Total 34 15,683 .1541 .0132 .0021 .0112 84

All combinations with fewer than three correlation coefficients
were ignored.

Table 13 compares the validities for fixed-wing (typically
Air Force and Navy) and rotary-wing (typically Army) aircraft.
For the fixed-wing aircraft the best predictors are the job
sample, psychomotor coordination, and biographical inventory
measures. Psychomotor coordination is also the best predictor
for the rotary-wing subsample, with too little data available to
compute validities for the other two measures. The second best
predictor for the rotary-wing subsample, in the absence of data
for the job sample and biographical inventory measures, is the
general cognitive measure, with a mean validity of .1511.
Significant here is the very small amount of unexplained variance
(2%) for the general cognitive measure category, indicating that
sampling error was virtually the sole source of variability among
the correlations in that category.
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Table 13

Average Validity Coefficients for Predictor-Aircraft Type
Combinations

Predictor Number Total Mean 2 2 2 Percent
Measure of r Sample r Sr 6 SP Unexp.

Fixed-Wing

General Cog 194 246,426 .1930 .0120 .0007 .0112 94
Personality 46 23,117 .1180 .0204 .0019 .0185 91
Info Process 28 13,072 .2256 .0176 .0019 .0156 89
Job Sample 14 2,368 .3256 .0179 .0047 .0131 74
Bio Inventory 22 27,962 .2646 .0109 .0007 .0102 94
Psych Coord 59 38,065 .3112 .0132 .0013 .0119 90
Comp/Battery 22 25,113 .1932 .0306 .0008 .0298 97
Other 31 32,393 .1080 .0416 .0009 .0407 98

Total 416 408,516 .1998 .0188 .0009 .0179 95

Rotary-Winq

General Cog 24 3,786 .1511 .0062 .0061 .0001 2
Personality 4 772 .0799 .0123 .0051 .0071 58
Info Process 0 .. ........ ..
Job Sample 2 454 ........ ..
Bio Inventory 0 .. ........ ..
Psych Coord 14 4,828 .2425 .0066 .0026 .0040 61
Comp/Battery 12 10,476 .1939 .0041 .0011 .0031 74
Other 4 3,492 -.0884 .0143 .0011 .0132 92

Total 60 23,808 .1545 .0184 .0024 .0159 87

All combinations with fewer than three correlation coefficients
were ignored.

The final set of comparisons at this level of disaggregation
is among the predictor measures for dichotomous and continuous
criteria. As before, the same three measures are the best
predictors for the dichotomous criterion subgroup. For the
continuous criterion subgroup the best predictor is the
information processing measure category, followed by psychomotor
coordination. Data are not available for the job sample and
biographical inventory measures for this criterion group.
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Table 14

Average Vaiidity Coefficients for Predictor-criterion Type
Combinations.

Predictor Number Total Mean 2 2 2 Percent
Measure of r Sample r Sr so 6p Unexp.

Dichotomous

General Cog 188 244,031 .1929 .0119 .0007 .0112 94
Personality 43 20,569 .1139 .0141 .0020 .0120 85
Info Process 21 11,087 .2288 .0172 .0017 .0155 90
Job Sample 14 2,692 .3243 .0156 .0042 .0114 73
Bio Inventory 21 27,925 .2646 .0109 .0007 .0102 94
Psych Coord 68 40,115 .3114 .0127 .0014 .0113 89
Comp/Battery 21 25,005 .1939 .0306 .0008 .0298 97
Other 28 28,777 .1147 .0463 .0009 .0454 98

Total 4-1 400,201 .2021 .0184 .0009 .0175 95

Continuous

General Cog 30 6,181 .:707 .0120 .0046 .0074 62
Personality 7 3,320 .1348 .0579 .0020 .0559 96
Info Process 7 1,985 .2075 .0190 .0032 .0158 83
Job Sample 2 120 .. .. .. .. ..
Bio Inventory 1 37 .. .. .. .. ..
Psych Coord 5 2,778 .1896 .0021 .0017 .0005 22
Comp/Battery 13 10,584 .1922 .0044 .0011 .0032 74
Other 7 7,108 -.0157 .0128 .0010 .0118 92

Total 72 32,123 .1378 .0211 .0022 .0190 90

All combinations with fewer than three correlation coefficients

were ignored.

Validities of Specific Predictor Measures

To evaluate the relative validities of specific predictor
measures, the general cognitive subgroup was disaggregated into a
number of more specific predictor measures. Table 15 contains
the mean validity coefficients and variances of those measures,
along with two measures (age and education) extracted from the
Other subgroup, and three measures (job sample, biographical
inventory, and psychomotor coordination) from the General
Predictor Category list.
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Among these measures, the job sample (r = .3272) remained
the best predictor, followed by psychomotor coordination (r =
.3035). Next, however, is reaction time, followed by mechanical
ability, biographical inventory, general information, aviation
information, and perceptual speed--after which the mean
correlations slip below .2000. Although there is still a large
proportion of unexplained variance for these measures (averaging
around 90%), the absolute amount of variance is small in relation
to the size of the validities (at least for the larger
validities).

The confidence interval for the job sample measure is +/-
.2008, making the 95% range for the correlation .1264 to .5280.
While this range is still wider than one might like in evaluating
the true population correlation, it is safely higher than zero,
thus providing assurance that the measures are valid.
Toward the bottom of the list, the confidence interval for the
aviation information measure is +/- .1828; making the 95% range
for the correlation .0496 to .4152.

Table 15

Validity Coefficients for Specific Sets of Measures

Predictor Number Total Mean 2 2 2 Percent
Measure of r Sample r r 6e 6P Unexp.

General Intellect 12 7,927 .1294 .0078 .0015 .0064 81
Verbal Ability 14 20,756 .1244 .0124 .0007 .0118 95
Quantitative Ability 31 44,799 .1036 .0025 .0007 .0018 72
Spatial Ability 35 47,247 .1851 .0055 .0007 .0048 87
Perceptual Speed 41 29,732 .2001 .0078 .0013 .0066 84
Manual Dexterity 11 2,547 .1044 .0099 .0042 .0057 57
Reaction Time 7 6,854 .2953 .0081 .0009 .0072 89
Mechanical Ability 37 38,708 .2890 .0096 .0008 .0088 92
Aviation Information 18 21,196 .2324 .0094 .0008 .0087 92
General Information 14 27,480 .2536 .0131 .0004 .0126 97
Education * 8 5,495 .0456 .0117 .0015 .0103 88
Age * 8 13,142 -.0964 .0062 .0006 .0056 90
Job Sample ** 16 2,822 .3272 .0150 .0045 .0105 70
Bio Inventory ** 22 27,962 .2646 .0109 .0007 .0102 94
Psychomotor Coord ** 73 42,893 .3035 .0129 .0014 .0115 89

* From Other category
•* From General Predictor measures
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Discussion and Conclusions

The results of these analyses have shown that three classes
of measures are consistent, valid predictors of pilot training
performance. Those measures are: job sample, psychomotor
coordination, and biographical information. The measures are
approximately equally predictive of performance across services
and nationalities and (to the extent data are available) in both
fixed-wing and rotary-wing aircraft. These findings, therefore
support the notions of validity generalization advanced by
Schmidt & Hunter (1977, 1981; Schmidt, 1988).

The data have also produced much more stable estimates of
the population validities for a number of measures which have
been evaluated and/or used for pilot selection over the last 50
years. In the aggregate, the variance of these estimates is
still distressingly high, suggesting the need for further
research to investigate moderator variables. However, even at
this level, the data clearly indicate that the true population
correlations are almost certainly not zero.

In addition, because this meta analysis corrected only for
sampling error, the estimates of the true validities are
conservative. There are other corrections which, while not
attempted in this study, could be applied in future research to
improve the estimates. Principal among these corrections are
(a) correction for unreliability of the criterion, (b)
correction for attenuation due to range restriction (which occurs
when individuals are selected for entry into training based upon
scores on the measure being evaluated), and (c) correction for
attenuation due to dichotomization of the criterion (i.e., use of
a pass/fail criterion measure). As Hunter & Schmidt (1990) point
out, correction factors may be calculated for each of these
attenuation effects and applied to the validity coefficients.
These have the effect of increasing the validity coefficients by
some factor, while at the same time increasing the variance of
the estimate.

For the most part, however, the data required to calculate
these correction coefficients are missing from the literature.
The only relevant datum which is reported with some regularity
(but often unintentionally) is the proportions of cases in the
pass and fail criterion groups, from which the P/Q split
proportions, and hence the correction for dichotomization, may be
computed. Those data are available for approximately 90% of the
validities in the current study and will be applied in follow-on
research. The data for other corrections, such as reliability of
the measures or criterion and variances of the unrestricted
groups, are uniformly missing. In only a very few cases do the
studies report both the uncorrected and corrected correlations
for operational selection measures.
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Although application of correction factors would increase
the estimated correlations, the relative orderings of the
validities should remain approximately constant. Even in the
lack of these corrections, therefore, we may remain fairly
confident regarding which are the best predictors of pilot
performance, and which are the worst.

We may conclude, therefore, that the most effective system
for the selection of aircraft pilots would include measures of
job sample performance, psychomotor coordination and a
biographical inventory, along with measures of mechanical ability
and reaction time (choice) and such other measures as time and
budget allow. We would further conclude that educational
attainment has very little relationship to performance in flight
training (although many of the military services continue to
stress the requirement for a college degree, perhaps to further
the professionalism of the officer corps). The contribution of
personality measures is also questionable at present, although
additional studies which evaluate alternative treatments of the
signs of the validities are warranted and might produce better
insights into the underlying validities of those measures.

Many other analyses evaluating different aspects of the
validities constituting this database are possible and, as
questions of interest arise, may be addressed in future research.
Certainly, one aspect which will be investigated is the
correction for dichotomization of the criterion, for which data
in the majority of studies are available. With the growth of
interest in the application of meta analytic techniques, one may
hope that future studies will report the full set of data
required to calculate all applicable correction factors, thus
facilitating the development of a high quality pool of research
information for future investigation.
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Appendix B

Meta Analysis Computer Program

[These commands are stored in a separate file called
"RUNMETA.PRG", and define the records to be selected for
analysis. It invokes a separate procedure file called "META.PRG"
to perform the calculations.]

USE metadat4 [metadat4 is the name of the database file]
GO TOP
STORE 0.0 TO VAR08
SET DEVICE TO PRINT
SET ECHO OFF
SET FILTER TO
STORE 'ALL' TO VAR09 [This example run first uses All studies]
COUNT TO VAR08
DO META
SET FILTER TO TESTCAT = "A" [Next, it uses each of the

measure categories separately]
STORE 'TEST CATEGORY = A (General Cognitive)' TO VAR09
COUNT FOR TESTCAT = "A" TO VAR08
DO META
SET FILTER TO TESTCAT = "B"
STORE 'TEST CATEGORY = B (Personality)' TO VAR09
COUNT FOR TESTCAT = "B" TO VARO
DO META
SET FILTER TO TESTCAT = "C"
STORE 'TEST CATEGORY = C (Info Processing)' TO VAR09
COUNT FOR TESTCAT = "C" TO VAR08
DO META
SET FILTER TO TESTCAT = "D"
STORE 'TEST CATEGORY = D (Job Sample)' TO VAR09
COUNT FOR TESTCAT = "D" TO VAR08
DO META
SET FILTER TO TESTCAT = "E"
STORE 'TEST CATEGORY = E (Other)' TO VAR09
COUNT FOR TESTCAT = "E" TO VAR08
DO META
SET FILTER TO TESTCAT = "F"
STORE 'TEST CATEGORY = F (Biographical Inventories)' TO VAR09
COUNT FOR TESTCAT = "F" TO VAR08
DO META
SET FILTER TO TESTCAT = "G"
STORE 'TEST CATEGORY = G (Psychomotor Coordination)' TO VAR09
COUNT FOR TESTCAT = "G" TO VAR08
DO META
SET FILTER TO TESTCAT = "X"
STORE 'TEST CATEGORY = X (Batteries or composites)' TO VAR09
COUNT FOR TESTCAT = "X" TO VAR08
DO META
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[This is the meta analysis procedure file. The following code is
stored in a separate file called "META.PRG" and performs the meta
analysis calculations using the records selected by
"RUNMETA.PRG".]

GO TOP
SET DECIMALS TO 4
STORE 0.00 TO VAR01, VAR02, VAR03, VAR04, VAR05, VAR06, VAR07
STORE 0.00 TO VARI0, VARII, VARI2, VAR13
CLEAR
SUM (SAMPLEN * CORRELATN) TO VAR01 && Sum of weighted r's
SUM SAMPLE_N TO VAR02 && Total sample size
STORE VAROl / VAR02 TO VAR03 && Mean weighted r
SUM (SAMPLE_N * (CORRELATN - VAR03)**2) TO VAR04
STORE VAR04 / VAR02 TO VAR05 && Total Variance
STORE (1 - (VAR03)**2)**2 /(VAR02/VAR08 - 1) TO VAR06 && var(e)
STORE VAR05 - VAR06 TO VAR07 && True Variance
STORE (VAR07 / VAR05) * 100 TO VAR10 && % Var unaccounted
STORE SQRT(VAR07) TO VAR11 && Corrected S.D. of r's
STORE VAR03 + 1.96 * VAR11 TO VAR12 && Upper confidence bound
STORE VAR03 - 1.96 * VAR11 TO VAR13 && Lower confidence bound
CLEAR
@ 1,0 SAY'****************************************************'
@ 3,20 SAY 'Meta Analysis Program'
@ 4,22 SAY 'Version 1.2'
@ 5,15 SAY 'Correction for Sampling Errors'
@ 6,5 SAY '
@ 8,5 SAY 'Records selected:'
@ 8,25 SAY VAR09
@ 10,5 SAY 'The number of correlations cumulated (k) is:'
@ 10,45 SAY VAR08
@ 11,5 SAY 'The total sample (N) is:'
@ 11,45 SAY VAR02
@ 12,5 SAY 'The average weighted r is:
@ 12,45 SAY VAR03
@ 13,5 SAY 'The Total Variance is:
@ 13,45 SAY VAR05
@ 14,5 SAY 'The Error Variance is:
@ 14,45 SAY VAR06
@ 15,5 SAY 'The True (corrected) Variance is:
@ 15,45 SAY VAR07
@ 16,5 SAY 'The Percentage of Unexplained Variance is:
@ 16,45 SAY VAR10
@ 17,5 SAY 'The Standard Deviation (corrected) for r is:
@ 17,45 SAY VAR11
@ 18,5 SAY 'The Upper Confidence Bound (r + 1.96 * SD) is:'
@ 18,45 SAY VAR12
@ 19,5 SAY 'The Lower Confidence Bound (r - 1.96 * SD) is:'
@ 19,45 SAY VAR13
@ 21,0 SAY '**************************************************'
@ 22,0 SAY ''
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